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Abstract 
The strength and ultrasonic pulse velocity of fly ash paste activated by lime and metakaolin is presented in this paper. Two fly 
ash pastes were prepared, one without metakaolin and one with 25% of metakaolin to replace the fly ash. Chemical activation 
was implemented by adding 10% lime (by weight of fly ash and metakaolin) to both pastes. The water-to-binder materials were 
maintained at a constant of 0.6 for both pastes. The binder consists of fly ash, metakaolin, and fly ash. There is strength 
enhancement for the paste containing metakaolin compared with the paste without metakaolin. The same trend was obtained for 
the ultrasonic pulse velocity values.    
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The quest for a new and less energy cement such as the use of geopolymers or activated alumina-silicate 
materials as potential construction materials has seen interests in recent years [1]. Cement manufacturing is 
responsible for about 10% of the global carbon dioxide emission; this may be due to the need of reducing the energy 
intensive cement in construction applications. Alumino-silicate materials include pozzolanic materials such as fly 
ash and metakaolin. These materials can be activated by using alkali based materials such as sodium silicates, 
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sodium hydroxide (NaOH), potassium hydroxide (KOH), and lime  Ca(OH)2 [2]. The properties and characteristics 
of the final products, such as strength, length change, and durability such as chemical attack, would depend on the 
raw material used, composition, age of curing, and curing temperature. 
Khatib and Clay [3] and Chao Li et al. [4] reported that the use of metakaolin as partial substitution to cement is 
reported to increase the strength of the paste. This was attributed to the high surface area and the platy shape of 
metakaolin particles. There is not too much work on activating a combination of more than one pozzolanic material. 
In this work, fly ash and metakaolin were combined and activated with lime to study their properties. Metakaolin 
was chosen due to its fineness whereas the fly ash was used because it is a waste pozzolanic material. The properties 
investigated were compressive strength and ultrasonic pulse velocity. 
 
2. Experimental 
The materials used in this work were fly ash (FA), metakaolin (MK), lime (L), and water. The fly ash was 
unprocessed fly ash with high loss on ignition (LOI). The metakaolin (MK) used was calcined at 800oC with a 
surface area of 12,000 m2/kg. Two pastes were used, details of which are given in Table 1. The water-to-binder ratio 
was kept constant at 0.6. The binder consisted of all dry materials (FA+MK+L). 
          Table 1: Details of pastes. 
Paste No. Paste Code 
Binder (B1) - % by weight 
W5/B 
FA1 MK2 L3  
P1 100FA0MK10L 100 0 10 
0.6 
P2 75FA25MK10L 75 25 10 
1Binder (consists of FA+MK+L), 2 Fly ash, 3Metakaolin, 4 Lime(% addition by weight of FA+MK) 
5 Water 
 
The dry materials (FA, MK and L) were blended thoroughly. Water was then added slowly and proper mixing was 
conducted until the mix was homogenous. The pastes were cast in steel moulds of 50mm in size. After 24 hours, the 
specimens were demoulded and the specimens were placed in bags at 21o ± 1oC to avoid any loss or gain in moisture 
until testing. Testing for compressive strength and ultrasonic pulse velocity (UPV) was conducted at day 1, 7, 28, 
and 56.  
3. Result and discussion 
Fig. 1 shows the strength development of lime activated pastes with and without metakaolin. The strength of the 
pastes is low compared with a traditional control paste made at the same water-to-cement ratio. The lime activated 
fly ash paste show much lower strength than the paste containing metakaolin. However, the strength shows a 
noticeable increase after 28 days of curing compared with a traditional cement paste. Using 25% metakaolin as fly 
ash replacement causes a strength increase beyond the first day of curing. The strength continues to increase beyond 
the 28 days period. It is good to note that the strength on the 1st day of curing is the same for both pastes. The 
relative strength of the paste with respect to its strength during the time span of 28 days is plotted in Fig. 2. The 
relative strength of the paste containing metakaolin is either similar or slightly lower than the paste without 
metakaolin. The lime fly ash paste shows more strength development after 28 days of curing. The enhancement in 
compressive strength with curing age is consistent with results obtained by Badoginnis [5], Wild et al. [6] and 
Khatib and Hibbert [7]. 
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Fig. 1. Strength development of lime activated fly ash paste with and without metakaolin. 
 
 
Fig. 2. Relative strength to that of 28 days of lime activated fly ash paste with and without metakaolin. 
Fig. 3 shows the ultrasonic pulse velocity (UPV) of all mixes at different ages. The trend is similar to those of 
compressive strength up to the age of 28 days. After 28 days of curing, the UPV does not seem to increase. 
Generally an increase in strength is associated with an increase in UPV. 
 
 
Fig. 3. Ultrasonic pulse velocity (UPV) profile for the pastes. 
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4. Conclusion 
It can be deduced from this preliminary experimental research, that the compressive strength development and 
ultrasonic pulse velocity is dependent on the metakaolin content in the mix and curing age. As the curing age 
increases the compressive strength increases at a higher rate after 28 days of curing for lime activated paste with and 
without metakaolin. The incorporation of metakaolin leads to further increase in strength. 
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